A homologue of the segment polarity gene Cubitus interruptus from Bombyx mori, (BmCi) has been cloned and characterized. This region harbouring Zn 21 finger motif is highly conserved across species. In B. mori, BmCi RNA expression was first detected at stage 6 of embryogenesis, which reached maximum levels at stage 21C and was maintained until larval hatching. The segmentally reiterated striped pattern of transcript distribution in stage 21C embryos was in conformity with its predicted segment polarity nature. BmCi was expressed in the fore-and hind-wing discs, ovaries, testes and gut during fifth larval intermolt, reminiscent of its expression domains in Drosophila. Besides, BmCi expression was seen in the anterior part of the middle silkglands in late embryonic stages, and this pattern was maintained during larval development. The transition from third to fourth and fifth larval intermolts was accompanied by an increase in the transcript levels in the middle silkglands. Our results demonstrate the presence of a novel expression domain for Ci in Bombyx. q
Results and discussion
The mulberry silkworm Bombyx mori larvae have a pair of silk glands (SGs), each divided into three anatomically distinct regions: anterior (ASG), middle (MSG) and posterior (PSG). These structures evolve during embryogenesis and are fully formed by stages 26-27. Their presence is confined to the larval stages as they degenerate during pupation. The three silk gland compartments display immense degree of functional differentiation. The PSGs exclusively synthesize the silk fibre proteins (fibroin H and L chain, and fibrohexamerin), while the MSGs make the glue proteins (sericins). The ASGs serve as ducts to transport the silk proteins in the final secretion process (reviewed in Bello et al., 1994) . Not much information is available on the fate specification of the silkgland compartments, although compartment-specific expression of various transcription factors is presumed to be responsible. We have attempted to identify functional homologues of factors known to be involved in segmentation in other model organisms, and analyze their expression patterns in B. mori.
Here we report the identification of a homologue of the segment polarity gene Cubitus interruptus (Orenic et al., 1990 ) from B. mori (BmCi), using degenerate primers for PCR. Ci is a member of the Gli-Kruppel family Ruppert et al., 1988) of zinc finger containing transcription factors. The Gli genes are vertebrate homologues of Ci. A cDNA fragment (319 bp) was cloned from B. mori (GenBank accession number: AF327655). Sequence analysis showed a high degree of homology to other members of Gli-Kruppel family from various invertebrate and vertebrate species ( Fig. 1(a,b) ). The predicted ORF of the region was marked by the presence of Zn 21 finger motifs of the C 2 H 2 (Cys-Cys-His-His) type. The phylogenetic analysis of the Ci-Gli homologues showed the lepidoptrean Ci homologues to be very closely related. The spider (Cupiennius) Ci is more closely related to the lepidopteran homologues than the Drosophila Ci. The Gli3 homologues formed a distinct group, while other members of the Gli family were clustered together. The C. elegans homologue Tra-1 formed the most distant branch of the tree ( Fig. 1(c) ).
A semiquantitaive reverse transcription polymerase chain reaction (RT-PCR) analysis was performed to time profile the BmCi expression during embryogenesis using a set of cognate primers designed based on the cloned sequence. B. mori embryogenesis is marked by 30 distinct stages, lasting over 7-8 days post egg laying (Singh and Gopinathan, 1997; Gopinathan et al., 1998) . The expression of BmCi was first noticed at the stage 6 of embryogenesis and reached highest levels by stage 21C (Fig. 2(a) ). These levels were maintained until hatching. In situ hybridization analysis during postblastokinesis stages (21C and 23) showed BmCi to be expressed in a segmentally reiterated fashion, indicating its segment polarity nature, and resembling its Drosophila counterpart ( Fig. 2(b) ).
BmCi was expressed in the fore-and hind-wing discs, (Holland et al., 1991) were used for RT-PCR on the embryonic total RNA. The PCR amplified product was cloned into plasmid pBSKS 1 . Nucleotide (numbers on the left) and the deduced amino acid sequence (numbers on the right) of the BmCi partial cDNA clone are shown (GenBank accession no: AF327655). (b) A CLUSTAL W (1.82) multiple sequence alignment (Thompson et al., 1994) ovaries, testes and gut during fifth larval intermolt ( Fig.  3(a) ), reminiscent of the expression domains of Ci in Drosophila. BmCi expression was also noticed in the MSGs, but not in ASGs and PSGs at the same stage of larval development. The transcript levels in the MSGs increased during transition from third to the fourth and fifth larval intermolts, followed by a sharp decline after the commencement of silk spinning (Fig. 3(b) ).Within MSGs, the BmCi transcript was localized to the anterior region during late embryonic stages and this expression pattern was maintained even in the larval stages (Fig. 4) . The observations were validated by co-staining for the SGF-1/Fkh transcription factor, that is known to be expressed in both the MSG and PSG in the stages examined here (Kokubo et al., 1996) .
The expression of different sericin variants is known to be territorially regulated in the MSG (Couble et al., 1987; Bello et al., 1994) , indicating the existence of micro-compartmentation within the MSG. Our results demonstrate the presence of a novel domain for Ci expression in Bombyx which matches the expression domain of ser-2 encoding the Sericin-2 protein in the MSGs and further support the existence of 'micro-compartmentation' within the MSGs.
Materials and methods

Insects and embryos
Bombyx mori (Pure Mysore multivoltine race) embryos were reared to appropriate developmental stages at 278C and staged according to the standard method (Takami and Kitazawa, 1960) . Larvae were reared at 278C on a natural diet of mulberry leaves.
RT-PCR analysis of BmCi expression in embryos and tissues
Total RNA (5 mg) isolated from embryos and the various tissues indicated in different stages of embryonic and larval development was used for RT-PCR, with the gene specific forward and reverse primers to amplify a 319 bp product. 
Analysis of pattern of BmCi expression in embryos and silkglands
B. mori embryos were dechorionated and dissected free of yolk and vitelline membrane in phosphate buffered saline (PBS) and fixed in 0.1% Triton-X-100/PBS/3.7% formaldehyde for 60 min at room temperature. The silkglands were dissected out from the embryos or larvae in different stages of development, into PBS with 3.7% formaldehyde for fixation.
In situ hybridization was carried out using digitoxin (DIG)-labelled full length (319 bp) BmCi RNA probe (prepared using the Boehringer Mannheim kit), with minor modifications to the published protocols (Amanai et al., 1994; Singh and Gopinathan, 1995) . Hybridization was carried out at 518C for 16 h, in the presence of 5 £ SSC (1 £ SSC is 0.15 M sodium chloride and 0.15 M sodium citrate, pH 7.4), and 50% formamide, along with the blocking agent. Antibody reaction was detected by anti-DIG fluorescein isothiocyanate (FITC) conjugate for embryo specimens and anti-DIG rhodamine isothiocyanate (RITC) conjugate for silkgland specimens. The silkgland samples were also co-immunostained for Bm Fkh/SGF-1 transcription factor, using a polyclonal antiserum AB67, raised against an oligopeptide located in the DNA binding region of BmFkh/SGF-1 (Mach et al., 1995) . The anti-Fkh was detected by an anti-mouse antibody-biotin conjugate and streptavidin-FITC. The stained embryos and silkglands were directly visualized under Zeiss Axiophot or Leica fluorescence microscope. 
